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decrease the duty cycle. The above regulatory actions cause the feedback network to 
adjust the duty cycle, in order to make O = 1 or r, = r g . 

The embodiment of Fig.4 has been experimentally checked using the set-up 
shown in Fig.5 and using a solar panel Siemens SM-10 with a rated output power of 
5 10W. The component values of the SEPIC converter are as shown in Fig. 4. The output 
resistance R equals 10Q. The switching frequency is set at 80kHz and the injected 
sinusoidal perturbation frequency is 500Hz. The radiation level illuminated on the solar 
panel is adjusted by controlling the power of a 900W halogen lamp using a light dimmer. 
The bypass switch is used to give the maximum brightness from the lamp for studying 
10 the transient response. The surface temperature of the panel is maintained at about 40°C. 
The measured v g - i g characteristics and the output power versus the terminal resistance of 
the solar panel at different power P lamp to the lamp are shown in Fig. 6(a) and Fig. 6(b), 
respectively. Under a given P lamp , it can be seen that the panel output power will be at its 
maximum under a specific value of the terminal resistance. When P lamp equals 900W 
15 (i.e., full power), the required terminal resistance is 14Q, in order to extract maximum 
power from the solar panel. Thus, by applying (24) and (26), D min and D max equal 0.274 
and 0.675, respectively. Based on (9), the variation of the input resistance is between 
14Q and 70Q, which are well within the required tracking range of the input resistance RECEIVED 
shown in Fig. 6(b). ^pR \ 5 200?. 

20 Detailed experimental waveforms of the gate signal, the switch voltage stress, the OFFICE OF PETITW 

converter input terminal voltage, and the input inductor current in one switching cycle at 
the maximum lamp power are shown in Fig. 7. Macroscopic Adews of the switch voltage 
^stressHnput-volt^ It can be seen that a low- 
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frequency variation of 500Hz is superimposed on all waveforms. They are all in close 
agreement with the theoretical ones. In addition, the input current is continuous. Thus, 
the MPP tracking method and apparatus of this embodiment of the present invention is 
better than the one using classical buck-type converter which takes pulsating input 
current. Moreover, it is unnecessary to interrupt the system, in order to test the open- 
circuit terminal voltage of the solar panel. 

(Figr97stow;the ac-eomponenrof 

^ ual : t0 G -°2r0^5^MP^^p^ively. As 91 increases, the ac-component will be 
distorted because the second-order harmonics become dominant in (15). 

In order to observe the feedback action of the proposed approach under a large- 
signal variation in the radiation level, P lamp is changed from 500W to 900W. The 
transient waveform of the feedback signal is shown in Fig. 10. The settling time is about 
0.4 seconds. Based on the results in Fig. 6(b), a comparison of the maximum attainable 
output power and the measured output power with the proposed control scheme under 
different P lamp is shown in Fig. 1 1. It can be seen that the proposed control technique can 
track the output power of the panel with an error of less than 0.2W. A major reason for 
the discrepancy is due to the variation of 0 with respect to the duty cycle shown in (23), 
which will directly affect the tracking accuracy. 

The methodology of this first embodiment of the invention is based on connecting ^^^ E ' VEl 
a pulsewidth-modulated (PWM) DC/DC converter between a solar panel and a load or 
battery bus. In this embodiment a SEPIC converter operates in discontinuous capacitor 
voltage mode whilst its input current is continuous. By modulating a small-signal 
sinusoidal perturbation into the duty cycle of the main switch and comparing the 
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